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©. Current controller. • / . ^ 

© A current controller includes a first MOSFET of P type connected at a drain to a first node, at a gate to ,the 
inpu.t terminal and at a source to power supply, a second MOSFET of N type connected at a drain to the first 
node via a first resistor, at a gate to the input terminal and at a source to ground, a third. MOSFET of N type 
connected at a drain to the output terminal, at a gate tp the first node vja a second resistor and at a source to 
ground, 1 and a capacitor connected between the gate of the third MOSFET and the power supply. The. first and 
second resistors and the capacitor are set so that the maximum changing rates of rising and falling currents 
supplied from the output terminal through the third MOSFET are equalized. Therefore, levels of low level data 
are equalized between the positive and negative sides. 

" . -V • '' FIG, 5 ■ ':'*■ "V 
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The current. control circuit includes a p^MOSFET connected at a. drain to a first node.* at a gate to an •! 
input terminal and at a source .to a power supply, an"n-M OS FET. connected at a drain to the first node, at a - . 
' gate to the Input .terminal and at a source to ground, an n-MOSFET connected . at > drain to an output * • 
. terminal,' at a gate to a second "node and at a source to ground, a resistor connected between the first node 
15 ; and.the second node, and a capacitor connected between the second node and ground. 

In operation; when the switch is turned on or off, current flowing through the magnetic head is rapidly ■ 
changed to be. increased or decreased between' zero level and the maximum level, *so that the. magnetic *" 
. field change occurs in the magnetic head to record the change into a magnetic tape. On the other' hand, the 
current is gradually changed to be increased or decreased' between the maximum level and zero level by 
20 . controlling of the current controller, so that magnetic data is recorded from the magnetic head into the 
magnetic tape., that is, digital data having a level corresponding to a changing rate of the current flowing 
through the magnetic head is recorded on the magnetic tape. .' \ ' . : 

In a reproducing mode, a reproducing circuit has positive and negative threshold levels for detecting a 
. recorded data. The positive and negative threshold levels ' are set . to be intermediate" values between high 
level data and low level data on the positive and negative sides, respectively. The magnetic head detects 
the magnetic data of . the magnetic tape which is then compared with the threshold levels in the reproducing 
circuit. ' . : - * ; > • • 1 

\" According to the conventional current control circuit,, however there are disadvantages in that the 
threshold levels of the magnetic data reproduction are different between the positive and negative sides, 
because the absolute value's of low level data are different between the positive and negative sides for" ttie 
reason that the changing- rates of currents flowing through the magnetic head are different between the 
' positive and negative sides due to a circuit structure of the current controller. This will be explained in more 
detail later. Therefore, noise, margins become' different between the positive and negative sides, so that 
operation of the. magnetic 'data reproduction is unstable. Further, it is necessary in the reproducing circuit to " 
35 be provided with two different detectors each having a different threshold level for detecting a. correspond- 
ing side of positive and negative levels, so that structure of the reproducing circuit including the magnetic 
head becomes complicated. 1 

Otherwise, it is possible that the threshold levels of the magnetic! head are set to be the same level, if a 
resistance of a resistor and a capacitance of a capacitor are set to be sufficient high in the current controller 
40 ' to equalize the current changing rates on the positive and negative sides. However, a .large space is 
necessary for thejarge. resistor and the large capacitor, so that the current control circuit is difficult to be 
. fabricated compactly. • ' " \ 
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SUMMARY OF THE INVENTION . 
— — — ^7^— T — » — " ' ' ' " 

Accordingly, it is an object of the invention to provide a current controller having the same current 
changing rate on the positive and negative sides to make it possible to have the same positive and negative - 
threshold level for reproducing operation. '. A?* ; ^ . * 

It is another object of the invention to provide a current controller can be fabricated compactly. ' ' 

According to the invention, a current controller includes; .'* . . \ - . 

a first MOSFET of first conductive type connected at a drain to a first node, at a gate to an input . • ' 
. terminal arid at'.a' source to a first power supply terminal;. - ' ; - r . } [' - ,. ".\ * *■ : ^. 

a second MOSFET of second conductive type connected at a drain to the first .node via a first resistor, 
at a gate to the input terrninal and at a source to a second power supply terminal; * / ' 

, a third* MOSFET of the second conductive type connected at a drain to an output terminal; at a gate to 
the first node via a second resistor and at a source to the second power supply terminal; and." 
. a capacitor connected between the gate of the third MOSFET and the second power supply terminal;. 

wherein the first and second resistors and the capacitor are set so that the maximum changing rates of 
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Fig. 7. is a circuit diagr 
to the invention; ; 

.'Fig. 8 is a timing chart showing operation of the second preferred embodiment; • 
•'. Fig. 9 is a circuit diagram showing a current control circuit of a third preferred embodiment according to 

trie invention; f - >"■-"-• Y ""' \ '• " '• ' 

. Fig. 10 is a timing chart showing operation of the third preferred embodiment; 

Fig. 11 is a circuit diagram showing a current control circuit of a fourth preferred embodiment according 
. to the invention; and • . v ~ . 

Fig. 12 is a timing chart showing operation of the fourth preferred embodiment. * 



25 



30 



35 



40 



45 



50 



55 



DESCRIPTION OF THE PREFERRED EMBODIMENTS > ' 

Before describing a current control circuit according to the invention, the briefly . aforementioned 
conventional tape recorder and the current control circuit will be explained in conjunction with Figs. 1,2 and 

► Fig. .1 shows a tape recorder 10 of a general type for recording a predetermined digital data on a 
magnetic tape (not shown) and reproducing the' recorded data from the magnetic tape. The tape recorder 
10 includes a magnetic head 12, a. switch 14 connected, to a power ;* supply V « for applying a 
predetermined voltage to the magnetic head 12,/and a current control cjrcuit 16 for controlling current "I" 
flowing through the magnetic head 12. \. : , ' 

Fig. 2 shows timing chart of the tape recorder 10. When the switch, 14' is' turned on, the current "I" is 
rapidly increased from zero level to the maximum level I ma x at a time fl. Next, the current "I" is gradually 
decreased from the maximum level l ma x to zero level for a time T2. Next the current "I" is "gradually 
increased from zero level to the maximum level I ma x for a time T3. After that, when the switch 14 is turned 
off at a time T4, the current "I" is rapidly decreased from. the -maxim urn level l ma x to zero level. 

In response to the change of the current "I", digital data having a level corresponding to a' changing 
rate of the current "I" is recorded on the magnetic tape. In more detail, positive dataof high level is 
recorded at the initial stage of the time T1, negative data of high level is recorded at. the initial stage of the 
time T4, negative data of low level is recorded for. the time T2, and positive data of low level is recorded for • 
the time T3. In a reproducing mode, the recorded data is reproduced to be the same level as the recording 
level. . . . , . ; , 

According to the tape recorder 10, the changing rate of trie current "I" is changed by the current control 
circuit 16, so that it is possible that a voluntary data is recorded on a magnetic tape. And, the recorded data 
can be reproduced from the magnetic tape by detecting level and polarity of the recorded data. 

Fig. 3 shows the current control. circuit 16 as mentioned above. The current control circuit 16 includes a 
p-MOSFET 20 connected at a drain to a first node 22, at a . gate to an input terminal IN and at a source to a 
power supply V. c c \ an n-MOSFET 24 connected at a drain. to the first node 22, at a gate to the input 
terminal IN and at a source to ground GND, an h-MOSFET 26 connected at a drain to an output terminal 
OUT, at a gate Jo a second node 32, and at a source to.iground GND, a resistor 28 connected between the 
first node :22 and the second node 32, and a capacitor' 30 connected between the second node 32 and , 
ground GND. . ^ *• - . - ' / /*'""'. ; s ' . 

• Next, operation of the conventional current control circuit 16 will be "explained in conjunction with Fig. 
4A. When a voltage level at the input terminal IN changes from high to low, a voltage V cr at the second 
node 32 that is a gate voltage of the n-MOSFEJ 26 is gradually increased. And, the voltage V Cf can be 
calculated by the below expression (1) on condition that a resistance R28 of the resistor 28 is sufficiently 
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On the other hand, when a voltage level at the input terminal IN changes from low to high"; a'voltage V ?f 
at the second node 32 ,that is the gate voltage of .the n-MOSFET 26 is gradually decreased. And, the 
25 . voltage V<;- f can be calculated by the below expression (3) on condition that a resistance R28 of the resistor 
• * 28 is sufficiently 'larger than an on-resistance of the n : MOSFET 24. . 
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In this situation, the, current "IVflowing through the n-MOSFET 26 can be' calculated by. the below 
expressions (4a) and (4b) on condition that the n-MOSFET 26 is operating in a* saturation region thereof. 
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so in a 



According to the conventional current control circuit 26, it may be realized that a changing rate (dl/dt) of 
the current *T is set to be low at each side of positive and negative sides by. setting value of the resistor 28 
and the capacitor 30 to be high, respectively.- 1 l > : v / • .' : 

In accordance with the above" expressions "(2b) and (4b),' the maximum changing rates "(dl/dt)r max" 
in a' gradually increasing state and "(dl/dt)f • max" in a gradually decreasing 'sVate of the current "I" can be 
calculated by the below expressions (5) and (6), respectively. '* . ' ■» 
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; " . ■ ' in addition, a ratio "R".6f the absolute value of "(dl/dtjf * max" "to ^dl/dt)r *" max" can be calculated by V ;{ ;> ; > 
jo ' the below expression (7).;^ -'*■.;.*-:; '\\ v . ' ">^> '•■\"^- v 'v'*' **. % ^V\'<Y V /- £\ 



' ; : r (dl/dt^f maxM 7 |dl/dt)r , : ; "V.-r ■ " • v /.;;.^v 

V ■ ^UVcc/ (Vcc - Vtn )' ; ' ;;■ -, ; . > "(7) 

'. In the expression (7), for example, when V . cc is 5V and V-ng/is 1 V, the ratio R becomes five. Then, in the 
... "reproducing mode, the absolute value of a. low. level L, at the positive side is quintuplet of a low level L, at 
20 .) the negative side as shown in Fig. 4B. ■■ ' » • ; * • '.' 

• In the magnetic head 12, positive and negative threshold levels VS1 and \fS2 are determined to be 
intermediate value between a high level H r and the low level U , arid between a high level H f and the low 
level L f /respectively, as shown in Fig. 4B. /" . . . '\ ; . : 

According to the conventional current control circuit 26, there are disadvantages in that the absolute 
25, values of the' low level data L ( and L r are different between the positive and negative sides, because the 
. • maximum, changing rates "(dl/dt)f .." max", and "(dl/dtjr " max" are largely different. Therefore, the threshold 
levels VS1 and VS2 are determined to be different values in the magnetic head 12, so that noise margins 
are different . between the positive and negative sides. As a "result operation of the magnetic head 12 
becomes unstable. Further, it is necessary in a reproducing circuit to be provided with two different 
30 detectors each having a different detecting level for detecting a corresponding side of positive and negative T 
■ data, so that structure of the reproducing circuit including the magnetic- head 12 becomes complicated. . 

Otherwise, if the resistance. of the resistor 28 and trie capacitance of the capacitor 30 are set to be 
.-. v sufficient high, it is possible that the threshold levels VS1 and VS2 are set to be the same level. However, 
. the large resistor and the large capacitor necessitates large space, so that the current control circuit 16 is • 
35 difficult to be fabricated compactly. - • ■ 

Fig. 5 shows a current control, circuit 36 of a first preferred embodiment according to the invention. The 
current control circuit 36 includes a p-MOSFET 40 connected at a drain to a first node 42, at a gate to an 
input terminal IN and at a source to a power supply V cc , an n-MOSFET 44 connected at a drain to the first * 
\ , node 42, at a gate to the input terminal IN and at a source to ground GND, a resistor 45 connected between 
40 the first connecting point 42 and the drain of the n-MOSFET 44, an n-MOSFET 46 connected at a drain to 
an output terminal OUT, at a gate to a second node 52 and at a' source to ground GND, a resistor 48 
connected between the first node 22 and the second node 52, and a capacitor 50 connected between the 1 
second node 32 and ground GND. . 
; Next, operation of the first preferred embodiment will be explained' in conjunction with Fig. 6A. When a . ■ 
45 voltage level at the input terminal IN changes.from high to low, a voltage V Ar at the second node 52 that is a' - 
gate voltage of the n-MOSFET 46 can be calculated by the below expression (8) on condition that a 
resistance R48 of the resistor 48 is sufficiently larger than an on resistance of the p-MOSFET 40. In the 
expression (8), "C50" indicates a capacitance of the capacitor 50. 
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,. V Af = V cc (1- e < «■ > ] ; : (8) -\. ' 

55 • In this" situation! current "P* flowing through the n-MOSFET '46 can be calculated, by the below 
expressions (9a) and (9b) using a gain constant "0 N " of an n-MOSFET. and a threshold voltage "V ™ " of 
an n-MOSFET, on condition that the n-MOSFET 46 is operating in a saturation region thereof. 
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■'•*. , On the other, hand, when a voltage level at the input terminal \N changes .from- low to high, a" voltage V ::\ i •?*>• 

. "Ai at the second node 52 that is the gate ybftage of the n-MDSFET 46 can be calculated by the' below * '/ ' 

■ : \ ' . expression (10) on condition th'at a total resistance R45 + R48 of the' resistors 45 and 48 is sufficiently •', " - 

; larger than an on- resistance of the n-MOSFET 44. } ■■, . ,V \. " ] 
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In this . situation, the current "I" flowing 1 through the n-MOSFET* 46 can be calculated by the below 
expressions (1 1a) and (1 1 b) on condition that tfte n-MOSFET 46 is operating in a saturation region thereof : : ■. ' • 
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According to the first preferred embodiment, changing rate (dl/dt) of the current "P can be determined . ; 
to be low easily by controlling values of the resistors 45 and 48 and the capacitor 50, respectively/ 
- 35 w In accordance with the above expressions (9b) and (1 1b),, the maximum changing rates "(dl/dt)r. Vmax" , - 
and "(dl/dt)f * max" of the current "I" can be calculated by the below expressions (1*2) and (13), 
■ respectively. " ; ' * • ■' : .• *" . ' % - x '. . . \ 1 -' 



V ■ . (dl/dt)r : max : = ( : $ K - /i| . C5.0 \*;M8)'(V CC ' - y TH )* .';'*; . (12) 

45 (<3I/dt)f . :max = ( js \ . y." ce ) (V ee -V TK ) V C50'(r^5 + MQ) \. 

-■" ' ' - • W ' V • (1*3). 



; ) 



so ' In addition, a ratio "R" of" the- absolute value of "(dl/dt)f • max" to **(dl/dt)r. • max" can be calculated by . 
the below expression (1 4).. " ."* • ; - ' \ / *. ' 



R .^V'I (di/dt)f . roax ' | / (dl"/dt)r i;max . fi 
55 . - = t lV cc . .R«B/('R«5 + RU8> (V cc -*;V T -' ) 



: c in x ; 
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'.;« ; ,- v . . In the second preferred embodi ment/ explanation . of structure corresponding to" that of the first preferred 
',* ^embodiment is omitted: , " '•■ . ..... - A ' • •' ' 'V '•' :j .\ .< • » • '* 
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The current control circuit 56 includes a switch 58 connected between a resistor* 48 and a second node 
52, a p-MOSFET 60 connected at a drain to the second node 52 . and at a source to a power supply V „ ,*• 
and an n-MOSFET 62 connected at a drain to the second node 62 and at a source to ground GND. 
. 'the switch 58 includes an.n-MOSFET 65 supplied at a gate with a control signal Si. arid a p-MOSFET 
■ \ 63 supplied at a gate with an. inverted signal ST of the signal S1. The p-MOSFET 60 and the n-MOSFET 62 
are supplied at gates with control signals S2 and S3, "respectively. " 

>Jext, bperatibn of the second preferred embodiment will be explained in conjunction with Fig. 8. When 
levels of the signals S2 and S3 change from high to low on condition that the signal S1 is set low level to 
keep the switch 58 to be OFF state, the p-MOSFET 60 becomes ON state and the n-MOSFET 62 becomes .. 
OFF state, so that a voltage level at the second; node 52 changes from ground level (GND) to a power 
supply level (V^ j. Then, current "P flowing through the h-MOSFET 46 rapidly changes from zero level to a 
maximum level I ma 'x • On the other hand, when levels of the signals S2 and S3 change from low to high, 
the p-MOSFET 60 becomes OFF state and the n-MOSFET 62, becomes ON state; so that a voltage level at 
the second riode 52 changes from power supply voltage level (V cc ) to ground level (GND). Then, the 
current "P rapidly changes from the maximum level l ma x'to zero level, thus! high level data is recorded by 
the rapidly changing of the current "P as shown at the time T1 and T4 in. Fig. 6B. y , 

When the signal S2 of high level and the signal S3 of low level are supplied to the gates of the p- 
MOSFET 60 and the n-MOSFET 62, respectively, oh condition that the signal S1 is set high level to keep 
the switch 58 ON state, the p-MOSFET 60 arid the n-MOSFET 62 become ON state. In this state, low level 
data of positive and negative sides are recorded on the magnetic tape in the same manner as the first 
preferred embodiment. • . . • • 

According to the second preferred embodiment, both of low level data and high level data of positive 
and negative sides can be supplied. If high level data of positive side is not necessary, the p-MOSFET 60 
can be omitted. And, if high level data of negative side is hot necessary, the h-MOSFET 62 can, be omitted. 
Fig. 9 shows a current control circuit 66 of a third preferred embodiment according to the invention, The 
. current control circuit 66 has a much similar structure to the current control circuit 34 of the first preferred 
embodiment, so that explanation of corresponding components is omitted. The current control circuit 66 
40 includes a resistor 67 connected between a first node 68 arid a drain of a p-MOSFET 40, and a p-MOSFET 
70 connected at a source to a power supply V cc , at . a drain to an output terminal OUT and at a gate to a 
• : second node 72. . . : • 

Next, operation of the third preferred embodiment will be explained in conjunction with Fig. 10. When a 
voltage level at the input terminal IN changes from low to high on condition that a resistance R48 of a' 
resistor 48 is sufficiently larger than an oh-resistance of the n-MOSFET 44, a voltage V B j at the second 
node 72' that is a gate voltage of the p-MOSFET 70 can be calculated by the below expression (16). 
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.y», =. V cc (e - 
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(16) 



In this situation, current "I" flowing through, the p-MOSFET 70 can be calculated by the below 
expressions (17a) and (17b) using a gain constant " j9 P " of a p-MOSFET and a threshold voltage "V T p " of 
a p-MOSFET, on condition that the p-MOSFET 70 is operating in N a saturation region thereof. In . the 
expressions, " /3 P " indicates a gain constant of a" p-MOSFET, and "V fp" indicates a threshold voltage of a 
P-MOSFET/ : • V • .' " 




.v "•.; '>.: A -^.-i>^': -A * A*"-' • 

* On the other hand, When a Voltage level at the input terminal IN changes from high to low on condition v A *' " 
"that a total resistance R67 + :R48pf : the resistors 67 and. 48 is sufficiently. larger than an on-resistance of . - 
:*..*■ is the. p-MOSFET 40, a voltage V Br ' at the second node 72 that is the gate voltage of the p-MOSFET 70 can . . / 
• be calculated by the below expression (18). ' \ " , ; . ' *. " ■■■ "A". 

. V»i Vee' [1 - e -} '* •r(M7 *Mn'; ].;- . (1B) \; A" v 

v • * : A v"'.'.-'* ; c ; ' /A r'A; *« . - ;*'--* " \ " - A 1 ■* • ; — A - * A- ' 

. In this situation, the current "I" flowing through trie p : MOSFET 70, on condition that the p-MOSFET 70 . / ■ 

/A * is operating in a saturation region thereof, can be calculated by the below expressions (19a) and (19b). - . - 

r A°. -A: ■ . •■:-'fv« - v., Ai v "it \ ).;v-'' ' : (W) A ' • A 
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According to the third preferred embodiment, changing rate (dl/dt) of the current "I" can be determined 
to be low easily by controlling values of the resistors 67 and 48 and the capacitor 50, respectively. 

|n accordance with the .above /expressions (17b) and (19b),* the .maximum, changing rates "(dl/dt)r \ 
max" of. positive side and "(dl/dt)f max" of negative side of the current "I" can be calculated by. the below : 
expressions. (20) and (21), respectively. . V 



(dl/dt)r -ciax = ( $ r '/ii . C50 RM8)(V CC - | V T , | >- 



(20) 
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A(dl/dt)f v max ' - - C B , ; V .cc i : (V, c - - | V |" ) / C5.0 C R67 * t )' 

: ' ■ ' A , - ; •'• • ■ - . ■ v • • . v(2ij ... • 

In addition, a "ratio "FT of the absolute value of "(dl/dt)f • max ".to "(dl/dt)r • max" can. be calculated by. , 
the below expression (22). v v . ' '/J-''- 'A. / A r . ; * '; : 

■ • - A A : - A A ' . - ' " ' "f ' * ■ / ' ' A 7 
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> I Cdl/dt)f . max | / (dl/dt)r.. raax ' 
"-.flVec vRa8/(R67 + .RH8) (V ce - - | V 7 ,;VV *' 
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The current control circuit 76 Includes'a switch KJjcon^ ; l 

v >' ' r -\i 52. and a , p- MOSFET 78 connected. at a drain'tolhVsecond nlode.52^ 

*; Next, operation of the fourth preferred embodiment will be "explained/in Conjunction wlti'vFjg^l 2.j^en .X * 
a voltage level at the input terminal IN changes from low to" high on condition that the, signal *Si\is. set hi^h . : * ■.■//"' \ 
level for keeping trie" switch 58 ON state 'and the signal' S2. of high level is* supplied to the gate of the p- \ ., 
MOSFET 78, current "I" flowing through the p-MOSFET 70 is increased gradually. In the same i manner, • 
when a voltage ' level , at the input terminal IN changes from higK to low, the "current '"i" is decreased ^ 
.gradually. *,'* '.'* - • '' ■ / ; ^ " ' • ' ' 

On the. other hand, when a level' of the signal S2 changes from high to low on condition that the signal 1 
S1 is determined low level for keeping the switch 58 OFF, state, the p-MOSFET 70 is turned ON state, so . 
. that a voltage, level at the second node 52 rapidly changes from low to high. Then, the current T flowing 
through the p-MOSFET 70 changes rapidly from a maximum level I ma x to zero level. As a result, a nigh 
level data of negative side is supplied from the magnetic head 12 shown in Fig. 1. .. 

Although the invention has been described with respect to specific embodiment for complete and clear 
disclosure, the appended, claims are not to be thus limited but are to be construed as embodying all . 
modification and alternative constructions that may occur to one skilled in the art which fairly fall within the 
basic teaching herein set forth. 1 - 
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A current controller, comprising: "*,'."'.• - .' 

a first MOSFET of first conductive type connected at a drain to a first node, at a gate to an input 
terminal and at a source to a first power supply terminal; , ■ . ' ■ / 

a second MOSFET of second conductive type connected at a drain to said first node via a, first 
resistor, at a gate to said input terminal and at a source to a second power supply terminal; ■ 

a third MOSFET of said second conductive type connected at a drain, to an output terminal, at a 
gate to said first node via a second resistor and at a source to said second power, supply terminal; and 
~a capacitor connected between said gate of said third MOSFET and said second , power supply 
terminal; - ■ . ■ \ " ' .. [ . 

wherein said first and second resistors and said capacitor are set so that the maximum changing 
rates of rising and falling currents supplied from said output terminal through said third MOSFET are 
equalized. • '* ' *-. 

.2. A current controller, according to claim 1 /further comprising: , 

a switching circuit connected between said gate of said third MOSFET and a common node of said 
second resistor and said capacitor. 

45 3. A current controller, according to claim 2, 

wherein said switching circuit Includes a p-MOSFET and an n-MOSFET. 

4. A current controller, comprising: ''. 

<. a first MOSFET of first conductive type connected ;at a drain to a first npcle via a first resistor, at a 
gate to an input terminal and at a source to a first power supply terminal; 

a second MOSFET . of second conductive type connected at a drain to said first riode.^at a gate to 
said input terminal and at a source to a second power supply terminal; • 

•a third MOSFET of said second conductive type connected at a drain to an output terminal, at a 
gate to said first node via a second resistor and at a source to. said second power supply terminal; and 

■ a capacitor connected, between said gate of said third MOSFET and said second power supply 
terminal; . ", ' ' . 

wherein said first and second resistors and said capacitor are set so that the maximum, changing 
rates of rising and. falling currents supplied, from said output terminal through said third MOSFET are 
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v an output terminal to be .supplied with a "current flowing through "a magnetic Head for a magnetic : 
recording and reproducing apparatus'; and ' '. . . ; ' • .. .. 

\ a control circuit, for controlling said current in accordance with sajd control signal, said current 
being controlled to rise and fall with a same changing rate. . .. . 1 F - 
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